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ABSTRACT
The Bliss Formation formed along the Southwestern continental shelf of
Laurentia during the Late Cambrian and records the craton‐wide Cambrian
transgression previously described by Sloss. This study divides the Bliss into five
facies associations which were used to determine the depositional environments:
1) The Basal Transgressive Lag (BTL) was interpreted to be a high energy fluvial
deposit the top of which has been reworked and winnowed during transgression. 2)
The Lower Cyclic Sandstones and Silty Sandstones (LCSS) were interpreted to be be
tidal delta or tidal estuary deposits composed of delta deposits, slackwater deposits,
and tidal dunes within tidal channels. 3) The Glauconitic Cyclic Sandstones (GCSS)
were also interpreted to be intertidal with tidal estuary deposits, tidal channel
deposits, and lightly winnowed mixed flats. 4) The Hematitic Cross‐bedded
Sandstones (HCSS) were interpreted to be intertidal with the exception of the
northernmost section, measured section (TRSM) where the depositional
environment was interpreted to be fluvial. 5) The Cross‐bedded Transition
Sandstones (CTS) were interpreted to be a high‐energy prograding tidal delta to
shallow marine deposit. At TRSM the energy was higher and this was interpreted to
be a braided stream deposit.
By analyzing six measured sections, it was determined that the Bliss
Sandstone is composed of seven systems tracts: LST1, HST1, HST2, TST3, TST4,
HST4, and TST5. Together these progradational and retrogradational sequences
vi

record an overall retrogradation of the shoreline from shallow intertidal/supratidal
to intertidal to a shallow intertidal environment.
The influence of a PreCambrian topographic high can be seen in the increase
in grain size, and decrease in overall energy of deposition from North to South.
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1.0 INTRODUCTION
1.1 Purpose
The purpose of this study is to perform a high‐resolution sequence
stratigraphic analysis of the Cambrian Bliss Sandstone, in the Franklin Mountains of
Far West Texas as well as describe the facies that compose the Bliss and explain
their respective depositional environments (Figure 1). The analysis of the
formation is made through six, centimeter‐scale measured sections and the
correlation of facies associations and important sequence stratigraphic surfaces.
Cross‐stratification and cross‐bedding are used to determine paleocurrent
directions and are integrated with facies models to determine depositional
environments and shoreline shifts. This study also examines the interplay between
sequence stratigraphy and stratigraphic thinning across paleotopgraphy.
1.2 Past Work
The most recent studies to have interpreted the Bliss Formation’s sequence
stratigraphy were carried out in the mid to late 1980s or have been focused on a
much larger regional scale (Harbour, 1972; LeMone, 1989; Stageman, 1988). Recent
refinements in sequence stratigraphic concepts and interpretation techniques can
lend new insights to the understanding of this important example of the Cambrian
transgression.
The Bliss Sandstone is a classic basal Cambrian Sandstone, although it has
received less attention than many of the other Cambrian transgressive sandstones.
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In the Franklin Mountains, the Bliss Formation is composed mainly of sandstones
and siltstones. The Bliss varies in thickness between zero and well over 225 ft in the
Franklin Mountains pinching out onto Cambrian paleo‐highs (Harbour, 1972;
Repetski, 1988; Hayes & Cone, 1981). This significant paleotopography
differentiates the Bliss from many other basal Cambrian sandstones.
The first mention of the rocks that make up the Bliss can be found in Jenney
(p.25 & 26 1874):
“Gray quartzite, resting unconformably on the granite: the lower portion
of this stratum is hard and compact, and contains some chlorite slate. But it
merges as one ascends into a calcareous sandstone full of the borings in pairs
of the Scolithus linearis of the Potsdam sandstone. The total thickness of this
bed is about 250 feet.”
Richardson named and described the Bliss Sandstone after Fort Bliss in his
1904 book on the Franklins (Richardson, 1904). Kelley and Silver proposed that the
name “Bliss Formation” replace “Bliss Sandstone” due to regional lithologic
variations (Kelley and Silver, 1952). In 1975, Hayes and Cone designated a canyon
in McKelligan Canyon as the “principal reference section” of the Bliss Formation
(Hayes and Cone, 1975). This type locality is the same as section MCK1 from the
present study (Figure 1).
1.3 Previous Interpretations
Thompson and Potter (1981) interpreted the depositional environment of the
2

Bliss to be mostly tidal in a study focused on determining paleocurrent directions
and patterns of the Bliss. Though they saw beach, fluvial and deltaic deposits, they
indicated that the Bliss was composed of these to a much lesser degree. Stageman
(1989) interpreted the Bliss Formation to be high‐energy wave‐ and storm‐
dominated deposits. Taylor and others (2004) divided the Bliss into an upper and
lower member (lower hematitic member and upper glauconitic member),
interpreting both members to be deposited during a regional transgression. They
interpreted the depositional environments of the lower member to be shallow
water than the upper member based on coarser grains and a lack of bioturbation.
They interpreted the upper member to be deposited in deeper, calmer water due to
the presence of large amounts of glauconite and bioturbation.
1.4 Age of the Bliss Sandstone
The exact age of the Bliss is still contested (Lemone,1969; Harbour, 1972;
Hayes and Cone, 1975; Repetski, 1988; Taylor et al., 2004), but in the El Paso area it
is generally agreed to be Latest Cambrian to Early Ordovician (Repetski, 1988). It is
agreed that the Bliss is time transgressive and gets progressively younger from
West to East (Flower, 1953; Lemone, 1969 pg. 3; Repetski, 1988). John Repetski
dated the Bliss using conodonts samples that he collected from the location of
section SCD1 that is used in this study (Repetski, 1988). It is worth noting that only
one of Repetski’s three samples were suitable for dating, due to a lack of conodonts
in the bottom third of the Bliss. The sample that was suitable for analysis came from
3

the middle of the Bliss section. Another two samples were taken from the bottom of
the El Paso group to provide a maximum age of the Bliss in this location which was
determined to be Late Cambrian Gasconadian Age (Repetski, 1988, pg.5).
Conodonts suggest a Late Cambrian age for the Bliss in several other mountain
ranges (Repetski and Taylor, 1995; Taylor et al., 2004). Taylor et al., (2004)
provide probably the most comprehensive dating results for the Bliss, suggesting
onlap to the North, into the Caballo Mountains, as well as to the Southwest. They
correlate the Bliss Formation as Late Cambrian and suggest a conformity between
the Bliss and the overlying Early Ordovician Sierrite Formation due to identical
conodont species found in the top of the Bliss and the bottom of the Sierrite.
The locations of the stratigraphic sections measured in this study are within
the Southern Franklin Mountains and range from the Northernmost extent of the
study at Fusselman Canyon to the Southernmost outcropping of the Bliss Formation
in an easily accessible canyon along Scenic Drive (Figure 2,3). The strata are
exposed along the Eastern side of the Franklin Mountains and dip at 30 to 40
degrees to the West. Along strike the bliss form a wedge that thins Northward and
eventually pinches out onto the Thunderbird Island paleohigh (Stageman, 1987, pg.
12). The strata are offset by major normal faults in McKelligan Canyon and in
Fusselman Canyon (Lovejoy, 1975, pg. 266). The Bliss Formation lies
unconformably on the Red Bluff Granite and Thunderbird Metarhyolite in the study
area. (Harbour, 1970).
4

Figure 1. The location of El Paso County on a map of Texas. El Paso County is the area
highlighted in red on the map. Modified from
https://commons.wikimedia.org/wiki/File:Texas_counties_blank_map.png.
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Figure 2. Aerial photograph showing the study area (red Box. Detail shows the locations of
the six stratigraphic sections. Imagery courtesy of Google Earth, 2013 and modified from
https://commons.wikimedia.org/wiki/File:Texas_counties_blank_map.png.
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Figure 3. Stratigraphic section locations. (Red dots) Imagery courtesy of Google Earth
2013.
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2.0 GENERAL STRATIGRAPHY OF STUDY AREA
The Franklin Mountains provide a suite of rock outcrops spanning over one
billion years (Harbour, 1972 pg10). Precambrian metasedimentary and igneous
rocks are the oldest rocks in the Franklins. They include from oldest to youngest:
the Castner Marble, the Mundy Breccia, the Lanoria Quartzite and the Thunderbird
Group. All of these units are intruded by the Red Bluff Granite Complex (Thomann
and Hoffer, 1991).
The Castner Marble has been dated to be 1.25 Ga (Dennison and
Hetherington,1969; Hoffer, 1976; Pittinger, 1991). It was originally called the
Castner Limestone (Harbour, 1972). It outcrops in several locations on the East side
of the Franklins at their base, but is covered by thick alluvium for the most part. The
Castner Marble is composed of limestones and mudstones that were
metamorphosed into marble and hornfels by the intruding Red Bluff Granite
Complex and diabase dikes (Thomann and Hoffer, 1991).
The Mundy Breccia rests unconformably on the Castner Marble is composed
of basalt rubble. It has been dated to be coeval to Mesoproterozoic rocks at Van
Horn, far West Texas that are also 1.25Ga. (Harbour, 1960; Dennison and
Hetherington,1969; Hoffer, 1976; Pittinger, 1991)
The Lanoria Quartzite was dated to be 1.14Ga by Patchett and Ruiz (1989).
The Thunderbird Rhylolite is an intrusive igneous body which intruded about 1.1Ga
years ago. It formed the Precambrian paleotopography that the Bliss Formation
8

onlapped throughout its deposition. These rocks are all intruded by the Red Bluff
Granite another 1Ga intrusive igneous body.
The subject of this thesis, the Bliss Formation, overlies the Red Bluff and the
Thunderbird in a time‐transgressive fasion from Southwest to Northeast (Lemone,
1989, pg. 6). This unit has been dated to be Late Cambrian to Early Ordovician in
age. It ranges from over 250 feet thick in the Southern Franklins to zero feet thick
near Transmountain road where it pinches out against the Thunderbird Rhyolite.
The El Paso Group conformably overlies the Bliss Formation and is dated to be
middle Ordovician in age. It marks a transition to carbonate sediments from the
clastic Bliss Formation. A general stratigraphic column can be seen in Figure 6.
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3.0 GEOLOGIC SETTING AND HISTORY
The Franklin Mountains are a North‐South trending range that extend 23
miles North into New Mexico from El Paso, Texas (Harbour, 1972), (Figure 2,3,4).
The Franklin Mountains are situated in within the Rio Grande Rift, between the
Mesilla Bolson to the West and the Hueco Bolson to the East (Figure 5). The
Franklin Mountains are a tilted horst, with a scarp slope on the East and a dip slope
on the West. The Bliss Sandstone is exposed low on the East side of the range near
its Southern end, rising to near the crest of the range near its center where
Transmountain Road cuts through the mountain (Figure 3). The Bliss Formation is
offset across two Northwest‐trending normal faults that drop the Northeast side. At
the far Northern end of the range, the formation is poorly exposed along the Eastern
base of the range.
The geologic setting for the deposition of the Bliss sandstone was on a passive
margin within ten degrees of the equator (Stewart and Poole, 1974; Amato and
Mack, 2012), (Figure 6). The development of paleosols over the Precambrian
surface is an indication that the surface was subject to long periods of erosion and
soil building processes (Driese et al, 2007). Deposition of the Bliss marks the
beginning of a regional transgression represented by Sloss’s Sauk Sequence (Sloss,
1963).
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Figure 4. Longitudinal section through the Franklin Mountains. The extent of the
study area is outlined as extending from Scenic Drive to Smugglers Pass
(Transmountain Road). Adapted from Harbour (1972).
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Figure 5. El Paso is located at the red star. The Franklin Mountains can be seen trending to
the North into New Mexico. They are situated with the Mesilla Bolson to the West and the
Hueco Bolson to the East. Modified after
http://www.epwu.org/water/water_resources.html

Figure 6. Paleozoic stratigraphy of the Franklin Mountains. Modified after Lemone, (1985).
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Figure 7. Recreation of the late Cambrian (500Ma) Laurentian craton. Location of El Paso
and the Franklin Mountains at the red star. The Bliss Formation would have been
deposited along this Northwest‐Southeast trending shoreline (Modified after Ron Blakey,
NAU Geology, 2002)

Figure 8: Regional Isopach of the Bliss Sandstone over aerial photography showing
Pennsylvanian‐Permian erosion to the North, Mesozoic erosion to the West, and Permian
erosion to the Southwest in Juarez, Mexico. Isopachs from Stageman, 1987. Imagery from
Google Earth 2013
13

4.0 METHODS
The analysis of the Bliss Sandstone included centimeter‐scale analysis of six
measured sections. The locations of the six stratigraphic sections range from the
Northernmost extent of the study at Fusselman Canyon to the Southernmost
outcropping of the Bliss Formation in an easily accessible canyon along Scenic Drive
(Figure 2,3). Sections were measured using a Jacob’s staff with key horizons located
with GPS. Strikes and dips were measured using Brunton Compass augmented with
the “GeoClino” android application. Grain size was measured using a 10x hand lens
and a reference grain size card. Grain size was measured at approximate 10 cm
intervals, usually with several measurements within each bed. Color, trace fossils,
sedimentary and depositional structures were also noted. Photographs of the
outcrop were taken and geotagged with a digital camera with the intention to be
integrated with Google Earth to provide detailed locations of different facies and key
horizons. Unfortunately, the GPS on the camera was not accurate enough and the
GPS locations had to be thrown out. The workflow of stratigraphic analysis
proposed by Catuneaunu (2006) was generally followed. First, the overall tectonic
and depositional setting of the Bliss was determined. These two helped in
narrowing down the paleodepositional environments and facies. Finally, all of the
outcrop data was integrated into a sequence stratigraphic model.
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5.0 LOCATIONS
5.1 SCD1
This outcrop is located on Scenic Drive two gullies North of the El Paso Police
Department Firing Range. Pull off and walk up behind the barrier about 350 feet.
The base of the Bliss will be visible as massive blue grey sandstone outcropping
with an alternating with a grey, bioturbated, shaley sandstone (Figure 9).
5.2 SCD2
This outcrop is located where Wheeling Ave. intersects Scenic Dr. Hike up the left
side of the gully for about 1/5th of a mile until the contact between the Red Bluff
Granite and the Bliss Formation is seen. This is the base of the second measured
section. The section follows the Southwestern wall of the gully (Figure 10)
5.3 TRMW
This outcrop is located at the Wyler Aerial Tramway at 1700 McKinley. Drive up to
the Tramway parking lot and then walk to the Northern edge. There is a hiking trail
called the “Directissimo Trail”. Follow it up to the start of the Bliss Sandstone at the
top of the Red Bluff Granite. The contact can be seen as the start of horizontal beds
over the erosional surface at the top of the granite. The section follows the hiking
trail to the top of the Bliss Formation (Figure 11).
5.4 MCK2
This section is located in McKelligan Canyon State Park and is close to the entrance
of the park. Drive up the steep hill until you reach the terraced road cut. Park in the
15

gravel parking area and hike up the side of the road cut until you are on the CEMEX
access road that follows the rim of the quarry. Hike up this road until you reach the
outcrop of Red Bluff Granite and then hike up to the Southern‐most arroyo. Follow
this arroyo up until you reach the contact between the Red Bluff Granite and the
Bliss Formation. The section follows either the left or the right side of the arroyo
depending on good outcrop exposure (Figure 12).
5.5 MCK1
This outcrop is also located in McKelligan Canyon State Park. Follow the road all the
way to the end of the road where there are picnic areas. Hike up the trail outlined in
(Figure 13) until you reach the unconformity between the Red Bluff Granite and the
Bliss Formation. The section follows the left side of the arroyo.
5.6 TRSM
This section is located on the East‐bound side of Transmountain Road about 0.4
miles East of the parking lot to the Franklin Mountains Ridge Hike Trail. Hike South
down the side of the ridge into the valley created by the Fusselman Canyon Fault.
Continue South up the side of the mountain until you reach the contact between the
Thunderbird Rhyolite and the Bliss Formation. The section follows the Eastern side
of this ridge (Figure 14).
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Figure 9. Path to section SCD1 in blue, section SCD1 represented by red arrow. The
section had to be correlated across a fault as indicated by the dotted red line.
Modified from Google Earth, 2013.
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Figure 10. Path to section SCD2 in blue, section SCD2 represented by red arrow.
Modified from Google Earth, 2013.
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Figure 11. Section TRMW represented by red arrow. Modified from Google Earth,
2013.
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Figure 12. Path to section MCK2 in blue, section MCK2 represented by red arrow.
Modified from Google Earth, 2013.
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Figure 13. Path to section MCK1 in blue, section MCK1 represented by red arrow.
Modified from Google Earth, 2013.
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Figure 14. Path to section TRSM in blue, section TRSM represented by red arrow.
Modified from Google Earth, 2013.
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6.0 FACIES
6.1 Introduction
A good definition for the term “facies” is found in Reading (1996, p.19):
“A body of rock with specified characteristics. It may be a single bed, or a
group of multiple beds. Ideally, it should be a distinctive rock that formed
under certain conditions of sedimentation, reflecting a particular process, set
of conditions, or environment.”
By analysing the main physical features of the rock outcrops, it was
determined that eight separate lithofacies make up the Bliss Formation.
Combinations of the lithofacies were then combined to form five facies associations.
The surfaces bounding and contained in the facies associations were used in the
sequence stratigraphic analysis.
6.2 Facies 1: Coarse Pebble Lag.
This facies consists of one to five centimeter beds of coarse to very coarse
grains. The lag beds can be rich in quartz, lithics, rock fragments or glauconite. At
the base of the Bliss, this facies is mostly composed of reddish‐pink, very coarse
sized grains but the grain size can range up to gravel sized directly overlying the
unconformity between the Bliss Formation and the Red Bluff Granite (Figure 15).
Pink Feldspars and Quartz grains are seen in abundance as well as some
metarhyolite fragments. Rounding of the grains is subrounded to subangular. This
facies forms the basal beds of the Bliss and can sometimes be difficult to distinguish
23

from the underlying granite, where this has been weathered (Figure 17). No
sedimentary structures are found in this facies. This facies can be quite friable and
can crumble away easily. The large individual grains are frequently eroded, leaving
small cavities where the grains have weathered out of the cement. This sedimentary
fabric looks similar to burrows. The pebble lag scours the beds below it in many
cases. Some of the coarsest grained lag deposits show erosion of grains forming
numerous cavities in the beds (Figure 16). These lag deposits can be continuous for
several meters and are distinguished from other facies by the large grains and the
cavities in the beds formed by the weathering of the large grains. Sedimentary
structures are absent in this facies.

24

Figure 15. Unconformity between the Red Bluff Granite and Bliss Formation at the
base of section MCK2. The base of the Bliss can be seen below the mechanical
pencil. A fine‐pebble conglomerate can be seen to the right of the mechanical pencil.
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Figure 16. An example of the erosion of large grains in the coarse grained facies.
Located at the bottom of section MCK1. Grains are 2‐3 mm in diameter.

Figure 17. The Red Bluff Granite at the bottom of section SCD2 overlain by both
coarse‐grained arkosic sandstones and finer grained horizontally‐laminated arkosic
sandstones.
26

6.3 Facies 2: Massive Horizontally Bedded Sandstone.
In the lower intervals of the Bliss, this facies is grey to dark blue and weathers
orange to tan (Figure 19). In upper parts of section this facies can be greenish and
tan, due to higher amounts of glauconite. It occurs far less often in the upper half of
the Bliss Formation than in the lower half. The facies can be found throughout most
of the sections, but is most common in the lower part of the Bliss, forming 10 to 25
percent of the measured sections. In outcrop this facies forms beds 0.5‐ to two‐
meters thick that alternate most commonly with Facies 3 (Figure 18, 20). This
facies can also be distinguished from others by the absence of discernable
sedimentary strutures. Well rounded to subrounded grains. Grain sizes vary from
fine to coarse, but the most indurated of this facies is the finest and most sorted.
Grains are mostly quartz with some lithic fragments and feldspars. When in the
glauconite horizons, this facies is made up of quartz and glauconite with other
minor lithic fragments. Faint zones of laminations or current ripples are
occasionally evident within these generally massive beds. Some zones of skolithos
burrows are evident as seen in Figure 24. Zones of unidentified horizontal trace
burrows are also seen (Figure 21). There is a small zone of concretions in one bed
near the bottom of sections SCD1 and SCD2. The beds are continuous over
hundereds of meters but form small lenses in several intervals of the bottom half of
most of the Southern sections. Bed contacts between other facies can be gradational
though also can be sharp.
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Figure 18. Section MCK2 showing couplets formed between massive step forming
facies 2 and less indurated friable facies 3.

Figure 19. An example of a grayish blue Facies 2 from section MCK1. An example of
the rare faint laminae can be seen from 0cm to 50cm on the Jacob’s Staff (colored
intervals are 25 cm thick). The lower bed contact is sharp and slightly wavy. This
picture also shows the hematitic staining that is prevalent in this facies.
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Figure 20. Another example of a typical dark grey and blue Facies 2 from MCK1.

Figure 21. An example of unidentified horizontal burrows in a bed of Facies 2 from
section SCD2.
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6.4 Facies 3: Horizontally Laminated Silty Sandstone.
These comprise grey/tan/red/maroon/green fine‐to medium‐grained silty
sandstones, but coarse grains can also be present (Figure 20, 22). This facies is
often bioturbated with vertical to subvertical burrows and also u‐shaped burrows.
The bioturbation can be so intense that sedimentary structures are destroyed and
traces of bedding are difficult to see. This facies forms thin recessed beds on the
scale of centimeter to decimeters in most of the sections. There are a few instances
where the beds are almost a meter thick. At the bottom of section SCD2 there are
two thick successions of Facies 3 above the Red Bluff Granite/ Bliss unconformity.
In some instances, the shaly sandstones form thin lenses that pinch out within
meters. The abundant small offset faults of Tertiary age in the Franklin Mountains
and cover by colluvium can make it difficult to determine whether beds pinch out, or
are offset. Bed contacts with adjacent facies are usually conformable, but can form
low relief erosional surfaces. The facies can sometimes stain beds below with
hematite due to its friable nature. Trace fossils seen are usually u‐shaped vertical
burrows (probably diplocraterion or mis‐identified vertical skolithos tubes) on the
top of eroded beds (Figure 23, 24). Rare fossil burrows can be seen within beds.
Contact with other facies is typically gradational, but can be sharp as well.
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Figure 22. This figure shows a good example of the physical weathering pattern of
Facies 3 from section MCK1. The weathering of this facies forms recessed beds
between other more indurated facies.

Figure 23. Examples of u‐shaped burrows can be seen in this gray colored example
of Facies 3 from section SCD1. The pair of burrows can be seen about two inches
below and to the right of the pen. These burrows are always found in pairs and are
usually about 2‐5cm in diameter. These are most likely Diplocraterion (personal
communication Dr. Rip Langford, October 2013).
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Figure 24. Examples of u‐shaped burrows and vertical burrows from a highly
bioturbated horizon. The vertical burrows are skolithos and the u‐shaped burrows
are most likely diplocraterion.
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6.5 Facies 4: Planar Cross‐bedded Sandstone:
This facies consists of mostly medium to coarse‐grained beds that are dark
gray and blue in the non‐glauconitic interval. There are small intervals of fine or
very coarse grains, but they comprise less than 10% of this facies. These cross‐
stratified sandstones are green when they are part of the GCSS Facies Association
due to the increased content of glauconite in this interval. The cross‐stratified beds
are usually decimeters thick, though at section MCK2 there are 20‐30 cm thick
planar cross‐stratified beds. Measurements of paleocurrent direction shows that
the cross strata vary in direction, but for the most part trend North‐ South,
Northeast ‐ Southwest. The bed contacts are usually sharp below this facies and can
be sharp or gradational above, usually sharp if there is another set of planar cross‐
beds and gradational if there is not another set. An example of the sharp bedding
plane below planar cross‐strata and gradational above can be seen in Figure 25. The
cross‐strata themselves can show grading up relationships with grain sizes fining up
from coarse to fine grained. Planar cross‐beds are prevalent in the bottom half of
the Bliss and trough cross‐bedding is more prevalent in the upper half of the Bliss,
indicating a shift from subtidal to intertidal environments.
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Figure 25. An example from section MCK1 of low‐angle planar cross‐stratification
above the mechanical pencil. There is also some evidence of burrowing both below
the cross‐beds and about ten centimeters above the cross‐beds to the right of the
pencil.
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Figure 26. This example of low angle planar cross‐bedding is from section MCK2.
One can see the dark layers of heavier minerals in the troughs of the foresets.
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Figure 27. An example of planar cross‐bedding in the middle to upper part of the
Bliss section. These planar cross‐beds are found in the glauconitic interval of the
TRMW section.
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Figure 28. An example of planar cross‐bedding with mud drapes on reactivation
surfaces in the hematitic interval of the Bliss formation which is situated near the
top of the Bliss in all of the sections. Colored intervals on Jacob’s staff are 20 cm.
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6.6 Facies 5: Trough Cross‐bedded Sandstone:
This facies can be made up of highly arenitic, arkosic or subarkosic
sandstones with decimeter scale trough cross‐beds. The bedsets can range all the
way up to over 100cm thick at the top of the Bliss sections (Figure 30), but there are
many thinner bedsets in the bottom half of the sections. The grain sizes of this
facies vary from fine to very coarse, though medium to coarse is the most common
size seen, occurring in over fifty percent of the beds that were trough cross‐bedded.
In some instances, darker heavy minerals could be seen in the troughs of individual
cross laminae (Figure 29). There are little to no shaley layers present in this facies.
This facies occurs sporadically in the lower half of the Bliss and increases in
occurrence toward the top. The contact at the base of cross‐beds is typically sharp
and the contact at the top usually sharp or discontinuous due to bioturbation. This
facies is distinguished from the planar cross‐bedded facies by its trough shaped
beds and non‐planar/tabular base. Abundant 3‐dimensional exposures of this facies
also aid in distinguishing it from the planar cross‐bedded facies. Ichnofacies are
often found at the top of beds but can also penetrate the cross‐beds, sometimes
petetrating multiple bed sets and phases of sedimentation. Reactivation surfaces
can be seen at the tops of some laminae in the larger sets of trough cross‐beds.
These reactivation surfaces can indicate current direction reversals (Clifton, H.E.,
1982, pg. 180)
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Figure 29. An example of trough cross‐bedding from the CTS Facies association.
Coarse grains can be seen at bases of some cross‐bed foresets.

39

Figure 30. Another example of trough cross‐bedding seen in the CTS facies
association. Isolated burrows form depressions in the outcrop from level of the pen
top on down.
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6.7 Facies 6: Flaser Bedded Sandstones
This facies consists of greenish tan sandstone beds 0.5 to 1 meter thick that
contain silt laminae composing thin bifurcated wavy flaser bedding (Figure 31, 32).
The laminae are composed of reddish purple silt that are 1 to 2 cm thick and are
about 5cm long. They form wavy drapes, which must have once been wave ripples.
The laminae are found throughout the unit and sometimes get longer or thinner or
get more concentrated. Beds are laterally continuous and can be traced in outcrop
for at least 50m. These sandstones are mostly medium grained and are well sorted
to poorly sorted. This facies alternates with varying colors of Facies 3 in meter scale
alternating beds. Sometimes the alternating beds are much thinner at 0.25m or less.
Tops of the beds are often irregular and show evidence of erosion with Facies 3
filling the depressions. The bases are usually flat sharp contacts. This facies is most
common in the GCSS Facies Association.
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Figure 31. An example of flaser bedding from the GCSS facies association. Mottling
is believed to represent burrowing. Vertical skolithos burrowsare evident below
the pen.
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Figure 32. Another example of flaser bedding in horizontally/wavy bedded
sandstone from the GCSS facies association. Mud drape flasers can be seen above
the folder.
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6.8 Facies 7: Planar Cross‐bedded and Bioturbated Sandstones
These tan and grey sandstones are found in the upper half of the Bliss
Sandstone. The unit consists of tan, structureless, bioturbated, coarse‐grained
sandstones interstratified with lenses and wavy intervals of grey fine to medium
grained well indurated planar cross‐bedded sandstone. The grey indurated
sandstones exhibit both shallow and steep cross‐beds pierced by vertical skolithos
burrows as well as unidentifiable horizontal burrows. The burrows can pierce
multiple stages of sedimentation. This facies can be found interstratified with all of
the other facies. The upper contact of this facies is usually eroded and bioturbated.
The bottom contact is usually filling in eroded sediment or is wavy (Figure 33, 34).
Beds are usually on the scale of 0.5m to 1m, but can be up to 2m thick. This facies
makes up around 5‐10 percent of all stratigraphic sections.
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Figure 33: Bioturbated and Horizontally Laminated Sandstones located in the GCSS
facies association at section MCK2.
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Figure 34. Bioturbated tops of 15 cm beds in the bioturbated, horizontally
laminated and bioturbated sandstones. Beds exhibit wavy to eroded bed
geometries. A bioturbated planar cross‐bed foreset can be seen in the upper right
corner of the photograph above the pencil. Vertical burrows are skolithos.
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7.0 FACIES ASSOCIATIONS
7.1 Basal Transgressive Lag (BTL)
The BTL Facies Association occurs at the very base of the Bliss in most
outcrops with the exception of the SCD1 section, where it is covered with
overburden (PLATE A,B,C). The facies included are Facies 1, Facies 2, Facies 3 and
rarely Facies 4 at the base of the top bed. It rests on the unconformity between the
Red Bluff Granite and the Bliss Formation (Figure 15, 17). The initial basal lag
consists of a very coarse‐grained pebble lag deposit that can be up to cobble and
boulder sized locally. This is overlain by massive coarse‐grained sandstones with
rare faintly horizontally‐laminated finer grained sandstones and silty sandstones.
The BTL association is interpreted to be a Lowstand lag deposit composed of coarse‐
grained massive sandstones, pebble lags, and minor bioturbated silty sandstone
layers. Due to the very coarse grain size and the exposure of cobble filled channels
eroded into the underlying granite this is interpreted as a high energy fluvial deposit
the top of which has been reworked and winnowed during transgression. 2‐5 cm
thick beds of very coarse granules in coarse‐grained sandstone can be interpreted as
being reworked during subsequent transgression.
The lag thins from almost 4m thick at MCK1 and MCK2 in the Northern part of
the study area down to 1m thick at SCD2 in the Southern part of the study area
(PLATE A, E, G, H). The thickness differences between these two locations are
interpreted to be due to the presence of a valley fill and also due to being closer to
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the sediment source of Thunderbird Island. In addition, silty sandstone content
increases in this facies association as one moves South in a basinward direction
during Cambrian time. The BTL facies association is completely covered at section
SCD1, but most likely is relatively thin, like at SCD2 (PLATE D, E).
The depositional environment of the BTL Facies Association is difficult to
interpret due to the lack of sedimentary structures and fossils. Though there were
no sedimentary structures or trace fossils found in this facies association, the coarse
grained massive sandstones rarely show laminations toward the top of the first lag.
These sandstones similarly show few features where they are present at the bottom
of the Lower Cyclic Sandstone and Silty Sandstone Facies Association.
The coarse boulders of the BTL are subangular to rounded, and only locally
present, in what are inferred to be paleo‐topographic lows. The boulders and
sandstones are inferred to represent reworking of very coarse fluvial strata during
the initial transgression of the sea during the Cambrian. The clean coarse sand
indicates relatively constant high energy. The very‐coarse grained lag within the
sandstones indicates periodic erosion by tides or storms. The 10‐20 cm scale
variation in grain size suggests regular variation in current velocity, probably
associated with tidal current changes due to the regular and repeated nature of the
grain size changes. Noll and Hall (2003) describe similar Cambro‐Ordovician
coarse‐grained sandstones and interpret them to be overbank deposits in a low
sinuosity, multiply active braided channel complex. It is unclear why few
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sedimentary structures are evident. Given the evident burrowing in the overlying
interval, perhaps the most likely cause is diagenesis on the unconformity. (Driese et
al., 2007) noted potassic alteration along this sand unconformity in the Franklin
Mountains.
7.2 Lower Cyclic Sandstones and Silty sandstones (LCSS)
This facies association is found situated in the bottom half of the sections and
combines massive sandstones, horizontally laminated sandstones, and silty
sandstones. The LCSS forms a series of prominent cliffs and ledges that are found
10 to 15m above the basal unconformity. The LCSS ranges in thickness from 17m at
outcrop SCD1 to 0m at outcrop TRNS where it pinches out completely. The facies in
the LCSS often weather tan/orange, indicating presence of limonite (Thompson &
Potter, 1981 pg.40). The silty sandstones typically make up 25 percent of this facies
association whereas the massive sandstones makeup around 10 percent and the
horizontally bedded sandstones are the most common and make up 65 percent of
the intervals. The LCSS Facies Association’s sedimentary structures and ichnofacies
were well preserved in comparison with the BCSS Facies Association. Scolithos and
Diplocraterion are the only fossils seen in outcrop indicating a high‐energy cyclic
depositional environment.
The depositional environment of Facies Association 2 was interpreted to be a
tidal delta or tidal estuary deposits. At the base, sedimentary structures and
bedding mark a change toward an intertidal environment from the shallow subtidal.
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Evidence for intertidal deposition can be seen in the 10cm scale changes in bedding
and or grain size indicating cyclic changes in energy. More evidence can be seen in
the pauses in deposition recorded by skolithos burrowing. The vertical skolithos
themselves are also indicators of an intertidal environment. The burrows mark the
vertical movement of the skolithos animal moving up and down in the burrow to
stay wet with the oscillating tides. The massive and horizontally laminated
sandstones (Facies 2) are interpreted to be intertidal to shallow subtidal tidal
estuary or tidal delta deposits because the beds were not laterally continuous and
showed evidence of channel scour geometry. The horizontally laminated silty
sandstones (Facies 3) are interpreted to be slackwater deposits originating from
times when energy is low between tides. Any cross‐bedding seen in this facies
association is interpreted as tidal dunes within tidal channels.
7.3 Glauconitic Cyclic Sandstones and Silty Sandstones (GCSS)
The GCSS Facies Association is similar to the LCSS Facies Association in that
they are both composed of cyclic alternations of facies and contain limonitic beds,
but the GCSS Facies Association has generous amounts of glauconite as sand sized
grains throughout. The limonite content also increases as most beds have
weathered to tan. It contains numerous beds of flaser‐bedded sandstone (Facies 6).
Trough cross‐strata and much less abundant planar cross‐strata are present in beds
0.25m to 2 m thick (Facies 4 and 5). This glauconite rich interval contains
horizontally laminated sandstones and siltstones (Facies 2 and 3), but to a lesser
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extent than in the LCSS facies association. Also contary to the LCSS facies
association, the GCSS facies association is mostly made up of flaser bedded
glauconite rich sandstone (Facies 6) and glauconite rich trough cross‐bedded
sandstones (Facies 5), with minor occurrences of horizontally laminated glauconite
rich sandstone and silty sandstone (Facies 2 and 3). In most of the outcrops visited,
the most common facies seen was the flaser bedded glauconite rich sandstone
(Facies 6), which forms about 50‐60 percent of the GCSS and usually forms couplets
with horizontally laminated silty sandstones in beds 0.5 m to 1 m thick. However,
further North at the Transmountain outcrop, the facies 6 makes up at least 70% of
the outcrop. The next most common facies is the glauconite rich cross‐bedded
intervals, which form 25‐30 percent of the facies association. The cross‐stratified
beds are found in beds 0.25 to 2 m thick and are usually medium to coarse grained.
The cross‐stratified beds make up around 20 percent of this facies association. The
horizontally bedded sandstones and siltstones make up around 5 to 10 percent of
the facies association in outcrop except in the TRNS section where it only makes up
2‐5 percent of the outcrop. This facies association weathers more quickly than the
other facies associations due to its high glauconite content and typically has a
sugary green appearance.
The flaser‐bedded sandstones indicate repeated and high‐frequency
oscillations of current energy, The planar cross strata indicate deeper water during
deposition. There is an increase of cross‐bedding and cyclicity throughout the
51

interval represented by the thinner couplets of alternating silty sandstones with the
lenticular bedded and cross‐bedded sandstones (Reading, 1996. pg 228). Bifurcated
wavy flaser bedding has been described as a characteristic of tidal flats, though they
also can be found in other tidal environments (Reineck and Wunderlich, 1968). The
cyclicity of bedding is on the order of 0.5 to 2m and usually marks a
retrogradational pattern, starting with a finer grained silty sandstone and
coarsening upward to flaser bedded sandstones or cross‐bedded sandstones. The
cycles thin upwards until they make contact with the overlying facies association.
The glauconite occurs as medium to coarse‐grained sand sized clasts in the
Bliss, in contrast to most glauconite forming today. According to Chafetz and Reid,
(2000), glauconite is has been demonstrated to form in the mid‐shelf to upper slope
in modern oceans. In contrast, they infer that the Cambro‐Ordovician glauconitic
sandstones were autochthonous and formed in very shallow water to tidal‐flat
environments. Stageman (1987) also interpreted the glauconite in the Bliss
sandstones to have been autochthonous based on petrographic examination. The
cross‐bedding in many of these sandstones indicates a high energy environment of
deposition. The glauconite has been interpreted to be deposited biogenically from
cold water upwelling that provided nutrients to organisms which produced the
glauconite (Lewis, 1962).
The GCSS facies association was interpreted to be deposited in an intertidal
environment. Tidal structures such as flaser bedding and winnowed zones can be
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seen in this facies association. The glauconitic flaser bedded sandstones (Facies 6)
are interpreted to be tidal estuary deposits, based on diagnostic criteria found in
Reading (1996. pg. 269). The trough cross‐bedded sandstones (Facies 5) are
interpreted to be tidal channel deposits, while the planar cross‐bedded and
bioturbated sandstones (Facies 7) and the horizontally laminated silty sandstones
(Facies 3) are interpreted to be deposited in lightly winnowed mixed flats.
7.4 Hematitic Cross‐bedded Sandstones (HCSS)
This facies association is generally dark brown to maroon with the grain size
varying from fine to very coarse. The HCSS Facies Association is situated in the top
third of all stratigraphic sections in between the GCSS Facies Association and the
CTS Facies Association (PLATE A‐I). The HCSS Facies Association is distinguished
easily from the glauconitic facies below due to its dark brown to maroon color and
abundanct trough cross‐beds. Another distinguishing feature is that this facies is
much more indurated than the glauconitic facies below. The base of the facies
marks the start of intervals of prominent cross‐bedding with less glauconite present
than in Facies Association 3. The cross‐beds and burrows in this layer are larger and
easier to distinguish than in the layers below. Facies 4 and 5 make up the majority
of this facies association, but there are minor occurrences of Facies 6 and Facies 1.
Facies 1 marks the top of this facies association in the form of a coarse pebble lag.
At the TRSM section, large cobbles can be seen interstratified in Facies 4 and 5.
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Large cobbles can also be seen in the pebble lags of Facies 1. There are zones of
extreme bioturbation containing large vertical burrows with diameters of 2‐4cm.
The depositional environment of the HCSS Facies Association is interpreted to
be intertidal due to the large amounts of cross‐bedding present throughout the
sections. Another diagnostic feature of tidal deposits seen in the HCSS Facies is the
presence of thin flaser bedded sandstones on the order of 0.1‐0.25m that are
interbedded with the thick intervals of trough cross‐beds. Wave rippled cross strata
and wave ripples on bedding planes are also seen. The cyclic alternations in sand
grain size between lower‐medium to coarse also indicates a tidal environment of
deposition. Sandy channel deposits can be seen in the outcrops in the form of a shell
hash capped by steep trough cross‐beds and finally bioturbated shallow troughs to
planar cross‐beds (Scholle and Spearing, 1982, pg. 186). The HCSS facies
association ranges up to coarse grained in all sections but the TRSM section (PLATE
A‐I), where there are zones of large pebbles worked into the facies of the HCSS. This
is interpreted to be due to changes in energy and proximity to the Thunderbird
Island paleo‐topographic high.
In the Northernmost section (TRSM), the environment was most likely
dominated by fluvial deposits, due to the inclusion of large grains that could have
come from an incised valley. Rip up clasts that are worked into cross‐beds indicate
a reworking by tidal processes. Another indicator for tidal processes is the
rounding of many of these cobbles. This would indicate that the fluvial deposits
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were reworked with tidal processes and became rounded do to the agitation of
currents. The hematite could have been from a hematitic oolitic belt that can be seen
in outcrop in North New Mexico (Taylor, 2004, pg 5). It has also been suggested that
the high concentrations of hematite could be due to replacement of autochthonous
glauconite pellets that are ubiquitous in the top half of the Bliss Formation (Lewis,
1962)
7.5 Cross‐bedded Transition Sandstone (CTS):
This facies association forms the transition between the Bliss Formation and
the Sierrite Member of the El Paso Group. The base of the CTS Facies Association is
marked by a coarse pebble lag in all stratigraphic sections. It is coarsest grained of
all the Bliss facies associations, indicating that the energy of deposition was highest.
The CTS facies association is 20 meters in the SCD1 stratigraphic section and thins
to less than ten meters at the TRNS section.
The color of the CTSFA is tan to grey and the grain size in the CTSFA can be
fine but is overall UM to C grained and VC grained. Thick cross‐stratified beds and
bioturbation are very apparent in this association, with trough cross‐bedded
sandstones comprising 80‐90% of the CTSFA. Beds in the CTSFA are meters thick.
The geometries of both the bases and tops of beds are sharp due to scouring by
subsequent cross‐bed sets or thin lags on the order of 2‐5cm. At the TRSM section,
large cobbles ranging in size from 3‐15cm in diameter can be seen interstratified in
Facies 5 and in the pebble lags of Facies 1.
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The depositional environment of the CTSFA is interpreted to be a high‐energy
prograding tidal delta to shallow marine deposit (Clifton et al., 1971; Reading, 1996,
chapter 6.) The TRSM section was furthest North and closest to the previously
interpreted paleotopographic high (Taylor et al., 2004, Lemone, 1989).
Observations supporting this conclusion include large imbricated cobble layers in
troughs of cross‐beds, the abundance of cross strata, and the larger grain size in this
location compared to the other locations in the South. This proximity to a possible
source of detritus led to the inclusion of many large pebbles and cobbles. The
absence of these large grains at all other section locations indicates that the
depositional environment and energy of deposition was different at the other
section location.
This facies association was interpreted to be a high‐energy fluvial to shallow
marine deposit, specifically a coarse‐grained delta front influenced by tidal
processes. Evidence of this interpretation can be seen in the ubiquitous thick zones
of trough cross‐beds alternating with small gravels and 0.5m thick zones of intense
bioturbation. In section TRNS, the bottom of this facies association is interpreted as
resting on a sequence boundary that scoured the top of the HCSS facies association.
This would have produced large amounts of erosion in proximal zones such as the
TRNS location. This interpretation would explain the large hematite rich imbricated
and cross‐bedded cobbles seen in this location, since the storm erosion would have
eroded deposits from the HCSS facies association and redeposited them in the CTS
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facies association exposing the large clasts to reworking by tidal processes. The
gravel sized sediment located at the TRNS section had to have been reworked in a
high‐energy environment due to the mostly subangular to rounded nature of the
grains and due to the inclusion in the cross‐bedding of the facies association. The
reworking could have been after transport by a braided stream, or could have been
due to wave winnowing. The absence of these coarse grains in other locations
would indicate that energy decreased further from the paleotopography and that
any sediment that fell out of suspension must have been close to shore in shallow
high‐energy water.
An alternate possibility for interpretation is that the CTS facies association
was an incised valley fill that was reworked in a high‐energy tidal shoreface.
Another possible interpretation of the CTS depositional environment could be that
proximity to a coastal cliff caused the inclusion of sediments from a gravity slump
into the CTSFA.
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Figure 35. An example of the shallow‐marine equilibrium profile and various base
levels. Modified from Figure 4.3 in Coe et al., 2003.

Figure 36. Location of Bliss Formation facies on continental shelf.
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8.0 REPRESENTATIVE STRATIGRAPHIC COLUMN
This representative stratigraphic column was taken at the type section for the
Bliss after Hayes (1975) and its location can be seen in Figures 2, 3 and 12. Several
other authors have chosen this section to be representative of the Bliss Formation in
the Franklin Mountains as well (Hayes, 1975; Thompson & Potter, 1981; Stageman,
1987; Lemone, 1989; Amato & Mack, 2012). A stratigraphic column to accompany
the description is provided in PLATE H.
The base of the MCK1 is marked by a coarse lag deposit along the
unconformity with the Red Bluff Granite. This lag deposit forms the BTL facies
association, which is composed of Facies 1, 2 and 3. The BTL is 4.5 meters thick and
is composed of a basal lag which is 0.25 meters thick and an alternating massive
coarse grained sandstone and poorly sorted horizontally laminated silty sandstone.
The top of the BTL is marked by a massively bedded horizontally bedded coarse
grained sandstone with a zone of wavy features at the bottom (Figure 19, PLATE A‐
I).
At 4.0 meters, overburden covers the section for 0.1 meters. This overburden
marks the start of the LCSS facies association. From 4.6 meters to 10 meters, there
are several alternating pairs of horizontally bedded massive medium grained
sandstone overlain by a poorly sorted silty sandstone. The sandstone is much more
thickly bedded than the siltstone. At 9.8m there is a lag at the bottom of a massive
sandstone. The silty sandstone beds get slightly thicker for the next two meters and
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can be seen in pairs with the massive sandstone beds. Two lags can be seen at the
base of the sandstones at 9.35 meters and 10.62 meters. Both 9.35 meters and
10.62 meters are moderately bioturbated. At 12.6 meters there is a .6 meter thick
bed of wavy bedded medium grained sandstone. Above this bed from 13.1m to
15m, the grainsize coarsens up to very coarse grained. This interval displays planar
cross‐beds. At 14.85m, there is a wavy erosional surface overlain by a very coarse
grained lag and silty sandstone. The sandstone beds are much thicker than the silty
sandstone beds in this interval. From 15m to 20m, the bedding becomes much more
thin. The bedding thins from about .8m thick down to .3m thick. There are three
wavy erosional surfaces seen from 15m to 20m: one at 16.2m where it is covered by
a lag; one at 17.8 where it is covered by a massive, medium grained sandstone; and
one at 19.3m where it is also covered by a lag and also a silty sandstone. From 20m
to 25m the bedding is about .3m thick. There are several zones of bioturbation in
this interval as well as one zone of planar cross‐bedding at 21.2‐21.8m. There is a
lag at 21.4m and again at 24.8m. The sandstone is faintly flaser bedded at 22.5m to
23.8m. From 25m‐30m the start of the GCSS facies association can be seen in the
glauconitic silty sandstone layer from 27.7m to 28.3m. There are two zones of
bioturbation, one heavily bioturbated zone at 25.3m and one moderately
biouturbated zone at 28.2m. A zone of planar cross‐bedding can be seen at 25m and
a zone of horizontally burrowed trough cross‐bedding can be seen at 28.2m. A very
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coarse grained lag is seen at 29m. Grain sizes in this interval range from coarse to
fine, mostly fining upward from 25m to 27.8m and then coarsening upward to 30m.
The interval from 30m to 35m is composed of beds at least 1m thick of flaser
bedded sandstones and horizontally laminated silty sandstones. Another highly
glauconitic silty sanstone layer is seen at 33.5m. There are three zones of moderate
bioturbation at 30.2m, 30.62m, and 33.82m. The interval is capped by a wavy
erosional surface. There is a zone of bioturbated trough cross‐beds at 33.5m.
From 35 to 40m, the grain size coarsens up from fine grained to medium grained
and then fines from medium grained down to fine grained. This interval is
composed by a flaser bedded sandstone at the base to 36.25m and then two beds of
horizontally bedded sandstone. There is an interval of overburden from 37.6m to
39m. There is an erosional surface at the top of the flaser bedded sandstone at
36.2m that is also highly bioturbated. There are zones of intense bioturbation at
35.6m, 36.2m and 37.5m. There is one zone of moderate bioturbation at 39.3m.
Beds are about 1m thick in this interval. From 40m to 45m the bedding becomes
much thinner and averages about .1m to .2m thick. There are many zones of intense
bioturbation in this interval. There is an erosional surface at 44.3m that is paired
with a coarse lag. There are a two zones of cross‐bedding, one at 41.5m and one at
44.3m where the tops of the cross‐beds are eroded by the erosional surface. There
is one zone of trough cross‐bedding at the top of a highly glauconitic silty sandstone
at 41.8m. From 45m to 50m the grain size of the rocks coarsens up overall from
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medium grained to very coarse grained. The beds are on the order of .5m to 1m
thick. This interval is much more cross‐bedded than below. Almost every part of it
is cross‐bedded. There are four zones of bioturbation, one at the base, one at 46.2m,
a thick interval from 46.8m to 49.6m. There are two erosional surfaces seen and
they are both in the highly glauconitic interval from 46m to 46.4m. There are two
lags seen, one at 48.7m and the other at 49.7m. From 50m to 55m, the grain size
coarsens up from medium grained to very coarse grained. Then the grain size fines
to lower medium grained and lastly up to very coarse grained again. The beds are
about 1m thick in this interval with one bed in the middle of the interval almost 2m
thick. There are three erosional surfaces in this interval located at 51.1m, 51.6m,
and 53.1m. There is a zone of trough cross‐bedding at 51.7m and 53.75m. From
55m to 60m, the grain size stays above medium grained. The grains coarsen up
from medium grianed to very coarse grained at 56.2m then they coarsen from
medium to very coarse grained again from 56.2m to 58.75m. They coarsen up for a
last time from 58.75m to 60m. The beds in this layer are on the order of .5m to 1m.
There is one zone of bioturbation at 56.8m and one erosional surface at 57.5m. The
bottom 2.5m is very glauconitic and flaser bedded. There is trough cross‐bedding at
56.2m, 57.3m, 57.6m, and 58.2m. 60m marks the base of the HCSS facies
association. From 60m to 65 The grain size coarsens up from coarse to very coarse
and then back to upper coarse for most of the interval. This zone is very trough
cross‐bedded. There are two zones of lag in the interval one at 62.6m and one at
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63.78m which is overlying a wavy erosional surface. There is a zone of herringbone
cross‐beds at 62.5m. The top of this interval and facies association is marked by a
thick coarse lag. From 65m to 70m, the grains fine from the very coarse grained lag
deposit down to medium grained trough cross‐bedded sandstone. This interval
contains several zones of intense bioturbation. The cross‐beds are very apparent in
this layer. From 70m to 75m, the grain size stays relatively consistent at medium
grained. There one zone of intense bioturbation at 70.3m. there are two zones of
coarse grained lag, one at 70.3m and 72.4m. This interval is highly cross‐bedded
and has zones of intense bioturbation. From 75m to 77.8m is much of the same
described below and is highly trough cross‐bedded. There are also zones of
herringbone cross‐beds.
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9.0 SEQUENCE STRATIGRAPHY OF BLISS FORMATION
9.1 Introduction to Sequence Stratigraphy
Based on the analysis of six, stratigraphic sections, with data measured at the
centimeter scale, a sequence stratigraphic architecture to describe the deposition of
the Bliss Formation was developed (PLATE C). Systems tracts were determined
based on the analysis of sets of parasequences and their overall vertical stacking
patterns. Individual parasequences, bounded by flooding surfaces were determined
based on the retrogradational, aggradational, or progradational nature of bed sets.
Parasequence sets that fined up and whose bedding became thinner from base to
top were determined to be retrogradational. Parasequence sets that coarsened
upward and whose bedding became thicker from base to top were determined to be
progradational. Parasequence sets whose bedding remained similar from base to
top and whose grain size remained the same were determined to be aggradational.
These parasequences were then combined into sequences bounded by
erosional surfaces (sequence boundaries). Within the sequences, parasequence sets
were interpreted as overall progradational or retrogradational in nature and were
classified as systems tracts. If the parasequence sets were retrogradational in
nature, they were classified as a Transgressive Systems Tract. If the parasequence
sets were progradational in nature, they were classified as a Highstand Systems
Tract. Sequence boundaries were determined by analyzing overall patterns in grain
size and bedding thickness and looking for abrupt shifts in environments and for
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surfaces such as lags or scour surfaces. Maximum Flooding Surfaces were
interpreted as the tops of Transgressive Systems Tracts. Sometimes, where
highstand deposits were missing, the Maximum Flooding Surfaces were the same
surface as the Sequence Boundary. Transgressive surfaces were not identified due
to the Bliss Formations location high on the continental shelf.
Lateral facies variation in the Bliss Sandstone is minimal, except when
transitioning to the TRNS section, which was proximal to the Thunderbird Island.
This minimal lateral facies variation is typical of late Cambrian transgressive
sandstones (Reading, 1996, pg. 268). Though the Bliss formation rests upon an
unconformity with the Red Bluff Granite, a Lowstand wedge was not seen. The
absence of a Lowstand wedge can be explained by the Bliss Formations location
landward of the continental shelf break. Lowstand wedge deposits are usually
found past the shelf break at the base of the continental slope, whereas the Bliss
Formation was deposited in intertidal to proximal shoreface environments. Because
of this, Highstand Systems Tracts, Transgressive Systems Tracts and the upper
portions of a Lowstand Systems Tract, represented as incised valley fills were seen.
The Bliss contains four sequence and the base of a fifth sequence that
continues into the overlying Sierrite Formation. The basal sequence rests on the
Precambrian unconformity. This Sequence contains a very thin basal Lowstand
Systems Tract, (LST1), that is overlain by a thick transgressive lag, LST1 is overlain
by HST1 which is inferred to have prograded out over the shelf and have been
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eroded and capped by Sequence Boundary 1. The second sequence pinches out
against the Thunderbird island, and contains only a Highstand Systems Tract
(HST2). The third sequence is eroded by the overlying sequence boundary south of
MCK2 and consists of transgressive strata that is only exposed in the middle part of
the study area and is larely eroded by the overlying sequence boundary (TST3). The
top of the second sequence is capped by a combined sequence boundary and
maximum flooding surface (MFS1). The fourth sequence consists of a
retrogradational Transgressive Systems Tract (TST4) capped by a maximum
flooding surface (MFS2) and a thick prograding Highstand Systems Tract (HST4).
The last sequence consists of one Transgressive Systems Tract (TST5) that
continues into the overlying Sierrite Formation. This sequence could have also been
interpreted to start with a thin Lowstand Systems Tract. The sequence stratigraphic
architecture of this study can be seen in Plate C. The sequence stratigraphy of the
Bliss Sandstone mostly likely results from eustatic sea level changes rather than
tectonism due to the tectonic quiescence of the contintental shelf at this time.
9.2 Sequence 1, Lowstand Systems Tract 1:
Unless otherwise specified, this description of the general sequence
stratigraphic architecture of the Bliss Formation is described using detail from the
MCK1 measured section. The base of all sections except SCD1 is marked by a coarse
lag deposit along the unconformity with the Red Bluff Granite (PLATE A‐I). This lag
deposit forms the bottom of the first parasequence, which is 4.5 meters thick and is
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composed of a basal lag which is 0.25 meters thick and an alternating massive
coarse grained sandstone and poorly sorted horizontally laminated silty sandstone.
This fining upward parasequence is a Lowstand Systems Tract. The top of the
Lowstand Systems Tract is marked by a massively bedded horizontally bedded
coarse grained sandstone with a zone of wavy features at the bottom which marks
the Transgressive Surface (TS), (Figure 19, PLATE C). The Thick boulder gravels,
which can be observed in section TRSM and in McKelligon Canyon between sections
TRMW and MCK1, is interpreted to have been deposited in incised valleys during a
lowstand.
9.3 Sequence 1, Highstand Systems Tract 1:
Overall, Sequence 2 is an upward fining set of seven parasequences. The
parasequences offlap to the south (Plate C), and become finer grained and thinner
bedded upward. This interpreted as progradation of a tidal estuary with shallow
subtidal channels at the base and a mid‐ to upper‐intertidal environment at the top.
The contact between sequences 1 and 2 is marked by an erosional surface covered
by coarse grains. In sequence 2 the Highstand Systems Tract contains three
coarsening and thickening upward cycles (parasequences) in this parasequence set
alternating between massive horizontally bedded sandstone and silty sandstone.
The first parasequence boundary is expressed in outcrop by a fine grained,
bioturbated, silty sandstone. The next parasequence is from 6.3m to 7.6m and is
composed of two fining and thickening up beds of massive horizontally bedded
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sandstone alternating with horizontally laminated silty sandstone. From 7.6m to
9.38m, there are four bed, alternating between horizontally laminated silty
sandstone and massive horizontally bedded sandstone. These four beds are capped
by a thin very coarse grained sandstone. That marks the transgressive lag on the
flooding surface a the base of the fifth parasequence. At 9.38m, a bioturbated, fine‐
grained, silty sandstone forms the bottom of the fifth parasequence. This
parasequence is composed of a fining upward sequence of beds composed of silty
sandstones on the order of .25m thick alternating with thinner beds of horizontally
bedded sandstone on the order of .3‐.5m thick. This parasequence set is capped by a
thin layer of moderately bioturbated, fine to medium grained, silty sandstone at
11.9m. The sixth parasequence. is upward coarsening , and is capped by a highly
bioturbated wavy disconformity atop a poorly sorted horizontally laminated silty
sandstone. A layer of bioturbation can be seen at 12.1m. The seventh parasequence
is from 14.2m to 16.2m. The character of this parasequence set is fining upward and
is composed of two fining up parasequences, one 1.3m thick, and one .7m thick. The
top of this parasequence set marks the top of the first Highstand Systems Tract and
is capped by a wavy erosional surface at 16.2m, which is interpreted to be the
Second Sequence Boundary (SB2).
9.4 Sequence 2, Highstand Systems Tract 2:
Overall, Sequence 2 is an upward coarsening set of four parasequences. The
parasequences offlap to the south (Plate C), and become coarser grained and thicker
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bedded upward. This interpreted as progradation of a tidal estuary with shallow
subtidal channels at the base and a mid‐ to upper‐intertidal environment at the top.
The contact between sequences 1 and 2 is marked by an erosional surface covered
by coarse grains. The next parasequence sets form Highstand Systems Tract 2. This
systems tract is composed of four parasequence sets and is coarsens up overall. The
first parasequence set of Highstand Systems Tract 2 is a 1.6m bed of coarsening up,
horizontally bedded sandstone that is capped by a wavy erosional surface and a
horizontally bedded silty sandstone. The second parasequence set starts at 17.8m
and is composed of three parasequences. The first two parasequences are fining up
and are composed of horizontally bedded, massive sandstones about .3m thick
alternating with fine grained silty sandstones. The third parasequence is a
coarsening up set of silty sandstone overlain by coarse grained sandstone. The top
of this second parasequence set is at 19.3m and is seen in outcrop as a thin bed of
fine grained, bioturbated, silty sandstone and a wavy erosional surface. The third
parasequence is overall coarsening up but is composed of four fining upward
parasequences and is 2.1 meters thick. The fining upward parasequences are
composed of horizontally bedstones that range from medium to coarse grained
alternating with moderately bioturbated silty sandstones. This parasequence set is
capped at 21.4m by a bioturbated, poorly sorted, silty sandstone that has a thin
layer of coarse to very coarse sand grains intermixed. The last coarsening up
parasequence set of Highstand Systems Tract 2 is composed of three fining up
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parasequences and ends at 22.5m. The top of this parasequence set is marked by a
very coarse grained bioturbated erosional surface which was interpreted as
Sequence Boundary 2. This could also be interpreted as the second or third
Transgressive Surface, since the overlying systems tract was interpreted to be a
Transgressive Systems Tract. Transgressive Surfaces form the base of
Transgressive Systems Tracts.
9.5 Sequence 3, Transgressive Systems Tract 3:
Sequence 3 is an upward fining set of two parasequences. The parasequences
onlap to the North (Plate C), and become finer grained and thinner bedded upward.
This sequence is truncated by erosion to the South, where the coarse grained lags
marking its base was not seen. It is interpreted as the flooding of a tidal estuary
with mid‐ to upper‐intertidal environment at its base and mid‐ to upper‐intertidal at
the top. The contact between sequences 2 and 3 is marked by an erosional surface
covered by coarse grains and some bioturbation. Sequence Boundary 2 marks the
bottom of the GCSS facies association and Transgressive Systems Tract 3. The first
parasequence set outcrops at 22.5m to 24.2m from the base of MCK1. It is
composed of two fining upward parasequences. The first starts with a layer of very
coarse grained sandstone that fines up to medium grained sandstone within 1m.
The bottom of the second parasequence is medium grained and fines up to a thin
layer of bioturbated, fine grained silty sandstone. The top of this parasequence set
is a layer of sandstone with a very coarse grained lag mixed in. Transgressive
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Systems Tract 3 is only seen in sections North of SCD2. It is interpreted to have
pinched out somewhere South of section TRMW due to the absence of a coarse
grained lag which was seen in the sections North of the TRMW section.
Transgressive Systems Tract 3 is made up of one fining up parasequence in section
TRMW, two fining up parasequences in section MCK1 and 2, and one fining up
parasequence in section TRSM. The parasequence set in Transgressive Systems
Tract 3 is overall fining up, characteristic of a Transgressive Systems Tract. At
27.5m Sequence Boundary 2a is seen marking the top of Transgressive Systems
Tract 3. This sequence boundary is marked by a bright green, bioturbated,
glauconitic, silty sandstone.
9.6 Sequence 4, Transgressive Systems Tract 4:
Sequence 4 is an upward fining and then upward coarsening set of thirteen
parasequences. The first four parasequences onlap to the North (Plate C), and
become finer grained and thinner bedded upward. The last nine parasequences
offlap to the South (Plate C), and become coarser grained and thicker bedded
upward. This sequence is truncated by erosion at its top by SB3, where the coarse
grained lags marking its base was not seen. TST4 is interpreted as the flooding of a
tidal estuary with mid‐ to upper‐intertidal environment at its base and lower‐
intertidal at the top. HST4 is interpreted to be lower‐intertidal at its base and
upper‐intertidal at its top. The contact between sequences 3 and 4 is marked by an
erosional surface covered by coarse grains and some bioturbation (SB4). The bright
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green silty sandstone forms the base of Transgressive Systems Tract 4. This
glauconitic siltstone likely represents a combination of three stratigraphic surfaces:
SB2a, which is a sequence boundary that erodes and truncates SB1 downdip; TS3,
which represents the updip equivalent of the third Transgressive Surface; and MFS
1, which represents the first Maximum Flooding Surface. This surface also marks
the base of Transgressive Systems Tract 3 at section MCK1. Transgressive Systems
Tract 4 is composed of four fining up and thinning up parasequences. The first
parasequence of Transgressive Systems Tract 4 is composed of two bedsets, one
fining up from 27.5m to 28.7m, and one that stays the same grain size from 28.7m to
29.3m. At 29.3m, a coarse lag marks the bottom of the second bed set. This set is
composed of only one bed that fines from very coarse at its base to upper fine at its
top at 30.2m. At 30.2m the third bedset of this systems tract is expressed by a single
fining up sequence from 30.2m to 31.8m. Its base is an upper medium grained
bioturbated sandstone. This fines up to very fine grained at the top of the bedset.
There is another zone of bioturbation at 31m. The last bedset in Transgressive
Systems Tract 4 is from 31.8m to 35m. This bedset fines from upper medium
grained flaser‐bedded sandstone to very fine grained flaser‐bedded sandstone.
There is one thin bed of glauconitic silty sandstone in the middle of this bedset. The
top is covered by a fine‐grained silty sandstone overlying a wavy erosional surface.
9.7 Sequence 4, Highstand Systems Tract 4:
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The next systems tract is Highstand Systems Tract 4 and it is almost 26m
thick at section MCK1 making it the thickest systems tract seen in the Bliss
Formation. This systems tract is progradational and can be characterized as overall
a coarsening up deposit made up of nine parasequences. The parasequences offlap
to the south (Plate C), and become coarser grained and thicker bedded upward.
This interpreted as progradation of a tidal estuary/delta. It is bounded by MFS 2
combined with SB3 at its base and SB4 at its top. It is composed of nine
parasequences. The first parasequence is from 35m to 36.25m and is composed of a
fining up bedset and a coarsening up bedset. When combined, these parasequences
form an overall coarsening upward trend. They are capped by a wavy erosional
surface that is highly bioturbated. The next parasequence is from 36.25m to 39.3m
and is partially covered by overburden. The bottom is a massively bedded upper
medium grained sandstone that becomes covered at 37.6m from the base of the
section. At 39.3m the next parasequence begins. It is composed of five fining
upward bedsets that form an overall coarsening upward trend. The first bedset is
thickest, from 39.2m to 40.45m and is a fining upward bed of sandstone that is
capped by a silty sandstone. The next four bedsets are much thinner bedded at .3m
thick and are composed of a horizontally bedded coarser grained sandstone with a
horizontally laminated finer grained silty sandstone. Each of the silty sanstones are
highly bioturbated. The next parasequence begins at 41.72m from the base of the
section and is composed of one bedset that stays relatively the same grain size for
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the interval. The base of this bedset is marked by a cross‐bedded and bioturbated
glauconitic sandstone/silty sandstone that is .63m thick. The rest of the bedset from
about 42.5m to 44.375m is made up of medium grained horizontally bedded
sandstones. Bioturbation is present in several intervals. The top of the bedset is
marked by a wavy erosional surface at 44.375m. The next bedset set is composed of
four fining upward bedsets from 44.375m to 47.5m. This parasequence is overall
fining upward in nature at the MCK1 section. At 47.5m the next parasequence
starts. It is composed of three coarsening upward bedsets composed of cross‐
bedded sandstones paired with coarse bioturbated lags at each bedset top. The top
of this parasequence is at 50.52m after a thin layer of overburden. The seventh
parasequence is from 50.52m to 53.1m and comprises a coarsening up bedset
followed by a fining upward bedset. Each bedset is about 1.25m thick. The
coarsening up bedset is made up of horizontally bedded sandstones that grade up
from lower coarse to upper coarse grained. The fining upward bedset fines up from
very coarse grained to medium grained. The top of this parasequence is marked by
a biouturbated wavy erosional surface filled with silty sandstone. The next
parasequence is from 53.1m to 56.1m and is composed of two coarsening upward
bedsets. The first coarsening up bedset is from 53.1m to 55m and ranges from
lower medium at its base to very coarse at its top. The second bedset is from 55m to
56.1m and ranges from lower coarse grained to upper very coarse grained. This
parasequence is capped by a bioturbated silty sandstone. The last parasequence of
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this systems tract is composed of two coarsening up and thickening upward bedsets.
The first is from 56.1m to 58.75m and coarsens up from lower medium grained to
lower very coarse grained. The second is from 58.75m to 60.7m and is capped by
the fourth sequence boundary (SB4). It coarsens up from lower medium grained to
lower very coarse grained.
9.8 Sequence 5, Transgressive Systems Tract 5:
The bottom of the next systems tract is seen in outcrop as the boundary
between the GCSS facies association and the HCSS facies association. This is
expressed as a shift between glauconic rocks to hematitic rocks. Another change
seen at this boundary is the overall change to larger grain size as well as thicker
beds. Transgressive Systems Tract 5 is from 60.7m to 73.7m and is composed of
three parasequences. The first parasequence is composed of an aggrading upward
sequence in which the beds become thinner upwards but the grains stay the same.
The second parasequence from 65.12m to 70.35m is composed of one or potentially
two parasequences. The bottom of this parasequence is a very coarse lag deposit
marking the boundary between the HCSS facies association and the CTS facies
association. The parasequence fines up to upper medium grained sandstone that is
highly bioturbated. The third parasequence is also a fining upward thinning upward
sequence. The next systems tract could either be a Transgressive Systems Tract or
Highstand Systems Tract, but due to the fact that it is overlain by the dolomitic
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Sierrite Member of the El Paso Group, it is most likely a Transgressive Systems
Tract.

10.0 SUMMARY AND CONCLUSIONS
10.1 Summary
The Bliss Formation formed along the Southwestern continental shelf
of Laurentia during the Late Cambrian and records part of a craton‐wide
transgression. This study divides the Bliss into five facies associations: 1) The Basal
Transgressive Lag (BTL) was interpreted to be a high‐energy fluvial deposit the top
of which was reworked and winnowed during transgression. 2) The Lower Cyclic
Sandstones and Silty Sandstones (LCSS) were interpreted to be be tidal delta or tidal
estuary deposits composed of delta deposits, slackwater deposits, and tidal dunes
within tidal channels. 3) The Glauconitic Cyclic Sandstones (GCSS) were also
interpreted to be intertidal with tidal estuary deposits, tidal channel deposits, and
lightly winnowed mixed flats. 4) The Hematitic Cross‐bedded Sandstones (HCSS)
were interpreted to be intertidal with the exception of the northernmost section
(TRSM), where the depositional environment was interpreted to be fluvial. 5) The
uppermost association Cross‐bedded Transition Sandstones (CTS) were interpreted
to be a high‐energy prograding tidal delta to shallow marine deposit. At TRSM the
energy was higher and this was interpreted to be a braided stream deposit.
These facies associations are inferred to represent a gradual deepening of sea
level followed by a gradual shallowing of sea level toward the top of the Bliss
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Formation. Changes in sea level within the Bliss were abrupt and were interpreted
to represent sequence boundaries.
By analyzing six measured sections, it was determined that the Bliss
Sandstone is composed of four sequences, each of which contains one or more
systems tracts. Together these sequences record an overall retrogradation of the
shoreline from shallow intertidal/supratidal to intertidal to a shallow intertidal
environment.
The influence of a PreCambrian topographic high can be seen in the increase
in grain size, and decrease in overall energy of deposition from North to South.
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10.2 Conclusions
The conclusions of this paper are threefold:
1. The Bliss Sandstone is interpreted to be mostly an intertidal deposit
consisting largely of tidal estuary or tidal delta deposits, with rare tidal flat
strata. The upper part of a Lowstand Systems Tract, Highstand Systems
Tracts and Transgressive Systems tracts were seen. It is composed of mostly
tidally influenced sandstones and siltstones. Though it was deposited during
the continent wide Cambrian transgression, the Bliss records complex
progradational and retrogradational trends.
2. The Bliss Sandstone is made up of seven systems tracts: LST1, HST1, HST2,
TST3, TST4, HST4, TST5.
3. The Precambrian Thunderbird Island influenced deposition of the Bliss,
evidence of which can be seen in the increase in overall grain size toward the
island and the cross‐stratified cobbles that were only seen in the upper third
of the TRNS stratigraphic section.
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